Abstract: In the current set of an experiment, forty maize genotypes were assessed for drought associated traits. For evaluation of these traits, PC and correlation analyses were employed to obtain suitable parents that can be further exploited in future breeding programmes. Correlation analysis revealed some important associations among the traits studied. Fresh root length had positive and significant associations, but leaf temperature had a significant negative correlation with root density at both 40% and 100% moisture levels while root density had negative association at 100% and positive correlation at 40% moisture level with chlorophyll content. The positive correlation among these yield contributing traits suggested that these characters are important for direct selection of drought tolerant high yielding genotypes. Principal component (PC) analysis showed first 4 PCs having Eigen value >1 explaining 86.7% and 88.4% of the total variation at 40% and 100% moisture levels respectively with different drought related traits. Cluster analysis classified 40 accessions into four divergent groups. The members of clusters 1 and 2 may be combined in future breeding programmes to obtain genotypes/hybrids that can perform well under drought stress conditions. Members of cluster 3 may be selected on the basis of root density, leaf temperature, dry root weight and root shoot ratio by weight and can be combined with members of cluster 4 due to higher leaf temperature and root shoot ratio by length. The results showed that the germplasm having a wide genetic diversity can be thus utilized for future breeding programme to obtain drought tolerant maize genotypes/ hybrids for adaptation to water scarce areas.
Introduction
Maize is a very important crop of Pakistan and ranks third among cereal crops after wheat and rice. In Pakistan, maize is grown in an area of 1,083 thousand hectares with total production of 3,990 thousand tons (Anonymous, 2011 12) . It is consumed as food by humans and as feed for the livestock and poultry. It is also used as raw material in different food, medicine and textile industries, which finally manufacture corn oil, corn flakes, dextrose, and textile dyes etc. Maize has high nutritive values as it contains 72 % starch, 10 % protein, 4.80 % oil, 8.50 % fibre, 3.0 % sugar, and 1.70 % ash (Mustafa et al., 2014) .
Among different abiotic stresses, drought stress or water deficit is an inevitable and recurring feature of world agriculture. It has been estimated that about one third of the world's potentially arable land suffers water shortage and crop yields are often reduced by drought (Khan et al., 2004) . Drought can reduce crop yield and pasture deterioration by increasing poisonous elements and causing death of livestock. It strongly affects the production of cereals, and poses a serious threat to the food security of households. World food security is dependent on continuous crop improvement. The development of crops with increased tolerance to abiotic stresses especially drought and salinity is the need of the hour throughout the world (Denby and Gehring, 2005) . Bänziger et al. (2000) observed that the fullsib family selection scheme was the most extensively used at CIMMYT to improve maize populations for drought and low-N tolerance. For high production in maize, the precise selection of elite genotypes is very important for any area (AshoftehBeiragi et al., 2010) . Knowledge of the associations among genotypes would help to identify a set of genotypes that have maximal diversity for the analysis of the effects of genetic background.
To get precise information on nature and extent of genetic variation depends upon the various techniques used for its estimation, like plant characterization based on agronomical, morphological and physiological traits (Bajracharya et al., 2006) . Multivariate analysis based on Mahalonobis's D2 statistics (MDS), principal component analysis (PCA) and principal coordinate analysis (PCoA) are mostly used to evaluate the magnitude of genetic diversity among the germplasm (BrownGuedira, 2000) . Several authors suggested first principal component (PC) scores as input variables for the clustering process (Mujaju and Chakuya, 2008) . Hierarchical cluster analysis has been suggested for classifying entries of germplasm collections based on degree of similarity and dissimilarity (Van Hintum, 1995) . Similarly, a combination of cluster analysis and principal component analysis has been used to classify maize (Zea mays L.) accessions (Crossa et al., 1995) . Several studies have reported comparisons of cluster analysis algorithms, including those used for classification of germplasm collections (Peeters and Martinelli, 1989) , and classification of maize inbreds (Mummand and Dudley, 1994) .
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Among these biometrical procedures, the main edge of principal component analysis (PCA) is that each genotype can be assigned to only one group and it also reflects the significance of the largest contributor to the total variability at each axis of differentiation (Sharma, 1998) . Genetic variation for morphological traits has been estimated using principal component analysis, which has led to the recognition of phenotypic variability in cotton (Sarvanan et al., 2006; Esmail et al., 2008; Li et al., 2008) .
The purpose of the present study was to evaluate the genetic diversity among maize genotypes specifically for drought tolerance to select the best genotypes at seedling stage by using PCA and cluster analysis that can be exploited in future maize breeding programme.
Material and Methods
The investigation presented here was carried out in the glasshouse of the Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan during 2010. The experimental material consisted of 40 accessions (inbred lines) namely: EV-1098, EV-5098, EV-6098, SWL-2002, Agaiti-2002, Sadaf, Pak Afgoyee, TLOZA, TLOOB-341, TLOOB-343, F-153, F-204, F-220, F-115, F-186, F-135, F-202, F-206, F-209, F-211, F-210, F-192, F-114, B-54, AF-02B, F-109, F-110, F-163, F-208, F-189, F-219, F-158, F-160, F-191, PR-98, 8288, 8441, 6525, 32B33 and 33H25 . These accessions were seeded in polythene bags (18 × 9 cm) filled with sandy loam soil (pH 7.8 and EC 1.7 dS m-1) using completely randomized design with three replications. Field capacity of the soil was determined before seeding. Two seeds per polythene bag were sown and thinned up to one healthy seedling after emergence. All the recommended agronomic and cultural practices were carried out. The moisture level was maintained by volume on alternate days by using a moisture meter (ΔT-NH2, Cambridge, England). The average temperature throughout the experimental period was 42 0 C. At five-leaf stage, five plants were selected randomly from each genotype and data was recorded for the leaf temperature (LT), fresh root length (FRL), fresh shoot length (FSL), root-to-shoot length ratio (RSR/L), dry root weight (DRW), dry shoot weight (DSW), root-toshoot weight ratio (RSR/W), root density (RD) and chlorophyll contents (CC) at normal (100%) and 40% moisture levels of field capacity.
The data was subjected to basic statistics, correlation analysis, cluster analysis and principal component analysis (PCA) using statistical software packages of SPSS version 19 and Statistica version 5.0 (Sneath and Sokal, 1973) . Cluster analysis was performed using K-means clustering while tree diagram based on eucladian distances was developed by Ward's method. The first two principal components were plotted against each other to find out the patterns of variability among genotypes using SPSS version 19.
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Results and Discussion
Normal conditions (100% moisture level)
The basic statistics of various traits studied under normal conditions (100% moisture level) have demonstrated considerable variability among 40 maize genotypes (Table 1) . Simple correlation coefficients revealed 10 significant associations among traits (Table 2 ). FRL had a positive and significant association with RSR/L, FSL, DSW. LT had a negative and significant association with RD. FSL exhibited a positive correlation with DRW and DSW, but a negative and significant association with RSR/L. DRW had a positive and significant association with DSW and RSR/W. RD showed a positive and significant association with CC. 
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In this study, out of total l9, four principal components (PCs) extracted had Eigen value >1. These four PCs contributed 88.4% of the total variability amongst the maize genotypes assessed for drought related traits (Table 3) . However, the remaining components contributed only 11.6% towards the total diversity for this set of maize genotypes. The PC I contributed maximum towards the variability (32.3%) followed by PC II (27.0%), PC III (16.9%) and PC IV (12.2%). The traits like DRW, DSW, FSL and FRL showed considerable positive factor loadings on PC I while LT and RSR/L showed negative loadings (Table 4) . The 2nd PC was related to diversity among maize genotypes due to LT with their positive loadings and RD and CC with negative loadings. The PC III was explained by variation among genotypes due to DRW with their positive loadings and negative loadings exhibited by RSR/L and FRL. The PC IV was elucidated by diversity among the genotypes for FSL with negative loadings and RSR/W had a positive value. A PC biplot in Figure1 showed that variables and genotypes are super imposed on the plot as vectors. The distance of each variable with respect to PC-1 and PC-2 showed the contribution of these variables in the variation of genotypes used. The biplot showed that DRW, RD, CC and LT as a whole contributed maximum towards variability in maize germplasms. Forty maize genotypes were grouped into 4 clusters based on various drought related traits (Table 5 ). Cluster analysis showed that cluster 1 was comprised of 19 genotypes, cluster 2 of 5 while cluster 3 had 8 and cluster 4 contained 8 genotypes (Table 6 ). The genotypes in cluster 1 showed higher values of FRL, RSR/L and RSR/W. Similarly, the 2nd cluster was comprised of genotypes having the highest value and reasonable values of LT. The members of the 3rd cluster were characterized by higher value of RD. The cluster 4 is characterized by maximum FSL, DRW, DSW and CC. The tree diagram showed more or less similar results comprising two main groups A and B each of which is further subdivided into two clusters (Figure 2 ). 
Drought stress conditions (40% moisture level)
The basic statistics of various traits studied under drought stress conditions (40% moisture level) has demonstrated considerable variability among 40 maize genotypes (Table 7) . Simple correlation coefficients revealed 9 significant associations among traits (Table 8) . FRL had a positive and significant association with FSL and RSR/L. LT had a negative and significant association with RD and positive with CC. FSL exhibited a positive correlation with DRW and DSW, but a negative and significant association with RSR/L. DRW had a positive association with DSW and RSR/W, but DSW showed a negative correlation with RSR/W. RD showed a positive association with CC. 
In this study, out of total 9, four principal components (PCs) extracted had Eigen value >1. These four PCs contributed 86.7% of the total variability amongst the maize genotypes assessed for drought related traits (Table 9 ). However, the remaining components contributed only 13.3% towards the total diversity for this set of maize genotypes. The PC I contributed maximum towards the variability (29.9%) followed by PC II (24.9%), PC III (17.9%) and PC IV (14.1%). The traits like RD and CC showed considerable positive factor loadings on PC I while LT showed negative loadings (Table 10 ). The 2nd PC was related to diversity among maize genotypes due to FSL, DRW and DSW with their positive loadings and RSR/L with negative loadings. The PC III was explained by variation among genotypes due to FRL with their positive loadings and negative loadings exhibited by RSR/W. The PC IV was elucidated by diversity among the genotypes for FRL, DRW, RSR/L and RSR/W with negative loadings. A PC biplot in Figure3 showed that variables and genotypes are super imposed on the plot as vectors. The distance of each variable with respect to PC-1 and PC-2 showed the contribution of these variables in the variation of genotypes used. The biplot showed that as a whole CC, RD and LT contributed maximum towards variability in maize germplasms. Forty maize genotypes were grouped into 4 clusters based on various drought related traits (Table 11 ). Cluster analysis showed that cluster 1 was comprised of 11 genotypes, cluster 2 of 16 while cluster 3 had 7 and cluster 4 contained 6 genotypes (Table 12 ). The genotypes in cluster 1 showed higher values of FSL, DSW and RD. Similarly, the 2nd cluster was comprised of genotypes having the highest value and reasonable values of RD. The members of the 3rd cluster were characterized by higher value of DRW and RD. -2002, F-206, F-109, F-110, F-191, F-189 The cluster 4 is characterized by maximum LT and RSR/W. The tree diagram showed more or less similar results comprising two main groups A and B each of which is further subdivided into two clusters (Figure 4 ). Multivariate data analysis assists a graphic display of the underlying latent factors and an interface between individual samples and variables (Nielsen and Munck, 2003) . Principal component analysis (PCA) is usually used in plant sciences for the reduction of variables and grouping of genotypes. Kamara et al. (2003) used PCA to categorize traits of maize (Zea mays L.) that accounted for most of the variance in the data. Granati et al. (2003) used PCA to scrutinize the relationship among Lathyrus accessions. Žáková and Benková (2006) recognized traits that were the main sources of variation of genetic diversity among 106 Slovakian barley accessions. Cartea et al. (2002) and Salih et al. (2006) used PCA and cluster analysis to group kale populations and winter wheat genotypes, respectively. The classification of diversity among the genotypes into groups with similar traits can be used to design a collection strategy (Ariyo, 1993) .
When dissimilarity between a pair of a variety is defined on a multivariate criterion, it is useful to be able to determine the specific plant characters which cause the dissimilarity and the relative contributions that the various characters make to the total variability in the germplasm (Ariyo, 1993) . The information regarding association among various traits is an important part for the initiation of any breeding programme as it provides an opportunity for the selection of genotypes having desirable traits simultaneously (Ali et al., 2009) . In the present set of the experiment, results of correlation analysis revealed some important associations among the traits studied. FRL had positive and significant associations at both 40% and 100% moisture levels, but LT had a significant negative correlation with RD at both 40% and 100% moisture levels while RD had a negative correlation at 100% and a positive correlation at 40% moisture level with CC. FSL had positive significant associations with DSW and DRW while negative with RSR/L both at 40% and 100% moisture levels.
DRW had a positive significant correlation with DSW and RSR/W both at 40% and 100% moisture levels. DSW had showed a significant negative correlation with RSR/W at 40% moisture level while its positive but non significant association was found at 100% moisture level. RD had showed a positive and significant correlation R E T R
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with CC both at 40% and 100% moisture levels. The positive correlation among these yield contributing traits suggested that these characters are important for direct selection of high yielding genotypes. The maintenance and exploitation of genetic resources could be made by partitioning the total variance into its components. It also provides a chance for utilization of appropriate germplasm in crop improvement for particular plant traits (Sneath and Sokal, 1973; Pecetti et al., 1996) . The principal component (PC) analysis divides the total variance into different factors. The Principal Component Analysis is a powerful tool to obtain parental lines for a successful breeding programme (Akter et al., 2009 ). 
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In this experiment, the PC analysis partitioned the total variance into 4 PCs contributing maximum to the total diversity among the genotypes due to the study of various traits. Chozin (2007) , Mujaju and Chakuya (2008) , and Ali et al. (2011) reported important contribution of the first PCs in total variability while studying different traits. In our research, the 1st PC was mainly due to variations in CC, RD, FRL and LT at 40% moisture level while variations were found for DRW, DSW and FSL at 100% moisture level. These results are in agreement with the results of association analysis which showed a positive association among these traits. The 2nd PC was related to diversity among cotton genotypes due to DSW, FSL and DRW at 40% moisture level while variations were found for LT and RD, CC at 100% moisture level. The PC III was explained by variation among genotypes due to FRL, RSR/L and RSR/W at 40% moisture level while diversity was found for traits like FRL and RSR/L at 100% moisture level. Similarly, PC IV was explicated by variation in RSR/W, RSR/L, DRW and FRL with their considerable negative factor loadings at 40% moisture level while at 100% moisture level negative estimates were found for traits like RSR/W and FSL. PC analysis ultimately confirmed the amount of variation for the traits among the materials in hand which could be utilized in designing a breeding programme aimed at improving drought tolerance and ultimately grain yield as it is generally assumed that maximum variation yields maximum heterotic effects.
While comparing the fresh root length and leaf temperature, the genotypes in cluster 2 showed desirable results under stress and in cluster 1, the traits like FRL, FSL, DSW, RD and RSR/W showed promising results. Thus, members of clusters 1 and 2 may be combined in future breeding programmes to obtain genotypes/hybrids that can perform well under drought stress conditions. The members of cluster 3 may be selected on the bases of RD, LT, DRW and RSR/W and they may be combined with the members of cluster 4 due to higher leaf temperature and RSR/L. The germplasms exploited to obtain maximum diversity in this experiment yield excellent results. Amurrio et al. (1995) and Rabbani et al. (1998) reported a lack of relationship between various clusters based on agronomic traits and origins of genotype in peas (Pisumsativum) and mustard (Brassica juncea) respectively. The tree diagram was comprised of group of genotypes showing considerable tolerance to drought stress. The occurrence of this wide variation between the clusters is of great genetic value in providing materials aimed at maize selection for adaptation to water scarce areas. A similar kind of results related to germplasm grouping has been reported by Ayana and Bekele (1999) and Grenier et al. (2001) .
Conclusion
PC analysis, cluster analysis and correlation coefficient in this present set of the experiment provided facilitation in the classification of genotypes and identification of the subset of core genotypes having tolerance to drought stress.
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Various useful correlations and aforementioned information extracted from cluster and PC analysis will be helpful in designing breeding programmes to obtain drought tolerant maize genotypes/hybrids.
